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[57] ABSTRACT 

The present invention is directed to a method for retaining 
the antimicrobial activity of the byproducts of growth of 
microorganisms during storage. In the method. a pasteurized 
low fat or skim milk substrate is provided. The substrate is 
inoculated with an S. lactis culture. The substrate is then 
fermented to cause growth of the culture and the release of 
metabolic byproducts. including nisin. from the culture. The 
fermented substrate is loaded into a container. The head 
space of the container is then ?ushed with a quantity of an 
inert gas in excess of the amount required to displace all of 
the ambient air in the headspaoe. A small amount of a C02 
producing chemical. such as calcium carbonate. sodium 
carbonate and sodium bicarbonate. is mixed into the fer 
mented substrate. The CO2 producing chemical has the 
effect of both stabilizing the antimicrobial activity of the 
cultured substrate and aiding in the release of nisin from the 
cells produced during fermentation of the substrate. 

3 Claims, No Drawings 
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STABILIZATION OF CULTURED SKIM 
MILK BACTERICIDAL ACTIVIT'Y 

This application is a continuation of application Ser. No. 
08/389546 ?led Feb. 15. 1995 now abandoned. which is a 
continuation of application Ser. No. 08/097686 ?led Jul. 26. 
1993. now abandoned. 

FIELD OF THE INVENTION 

The present invention is directed to the stabilization of the 
bactericidal activity produced in skim milk during culturing 
of the skim milk with an S. lactis culture. More particularly. 
the present invention is directed to preserving the bacteri 
cidal activity of cultured skim milk during storage of the 
cultured skim milk. 

BACKGROUND OF THE INVENTION 

It is known that certain S. lacn's cultures produce nisin as 
a byproduct of metabolism during fermentation of :1 skim 
milk or low fat milk substrate with the S. lactis culture. Nisin 
is an antimicrobial substance which has known food pre 
servative use. Nisin has the property of inhibiting the growth 
of certain Gram-positive bacteria. but not Gram-negative 
bacteria or yeasts or molds. A fm‘ther important property of 
nisin lies in the ability of nisin to prevent the outgrowth of 
germinated bacterial spores. 

Skim milk cultured with S. lactis has an appearance and 
taste similar to cultured buttermilk. The taste differs some 
what since commercial cultured buttermilk is produced with 
a mixture of cultures including S. lactis, S. cremoris and L 
cremoris. Fresh skim milk cultured with S. lactis can be used 
in food products to provide bactericidal protection. Such 
food products include high moisture cheese sauces and high 
moisture dressings. such as pourable dressings. The cultured 
skim milk generally has a nisin activity which is consistent 
and which is in the range of 1400-1600 nisin equivalent 
units/gram. The consistent nisin activity can be used to 
calculate precisely the level of nisin activity provided by the 
cultured skim milk. Since this level is generally in the range 
of about 6 to 10 ppm in the product. it is necessary that the 
nisin activity be stabilized and not undergo any diminution 
during storage. 
Aproblem arises in that most plants which are suitable for 

producing food products containing culmred skim milk, 
such as a plant designed for producing salad dressings, do 
not have facilities for culturing skim milk in large quantities. 
Consequently. the sldm milk is cultured at a plant suitable 
for that purpose and is then transported to the plant making 
the ?nal product. The distances over which such transpor 
tation occur are often great and the cultured skim milk may 
require storage for several days prior to being used. During 
storage, the nisin activity may be reduced by more than 30%. 
Such reduction in nisin activity is detrimental to shelf life of 
any product in which the cultured skim milk is used. 
Reduced antimicrobial activity can lead to gas production 
and spoilage by lactobacilli which would cause a product 
withdrawal from the market. 

Accordingly. it is the principal object of the present 
invention to provide a method for stabilizing the antimicro 
bial activity of cultured skim milk. 

SUMMARY OF THE INVENTION 

The present invention is directed to a method for retaining 
the antimicrobial activity of the byproducts of growth of 
microorganisms during storage. In the method. a pasteurized 
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2 
low fat or skim milk substrate is provided. The substrate is 
inoculated with an S. lactis culture. The substrate is then 
fermented to cause growth of the culture and the release of 
metabolic byproducts. including nisin. from the culture. The 
fermented substrate is loaded into a container. The head 
space of the container is then ?ushed with a quantity of an 
inert gas in excess of the amount required to displace all of 
the ambient air in the headspace. 

In an important embodiment of the invention. a means for 
producing carbon dioxide is mixed into the fermented sub 
strate. The CO2 producing chemical has the eifect of both 
stabilizing the antimicrobial activity of the cultured substrate 
and aiding in the release of nisin from the cells produced 
during fermentation of the substrate. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In the method of the invention. skim milk is ?rst pasteur 
ized and is then cooled to a fermentation temperature of 
about 30° C. The skim milk is inoculated with from about 
1000 to 1 million cells/ml of an S. lactis culture. The 
inoculated skim milk is fermented over a period of about 14 
to about 16 hours until a pH of about 4 is attained. The 
titratable acidity is in the range of from about 0.65 to about 
185. The consistency of the skim milk after fermentation is 
that of a thick coagulum. The fermented skim milk remains 
pumpable and may be ?uidized by mixing. 
The skim milk is produced in batches which may vary 

from 2.000 to 15.000 gallons. Since the containers used to 
transport and store the fermented sln‘m milk are of a uniform 
size. it is not practical to completely ?ll the containers for 
transportation. Complete ?lling of the containers would 
alleviate the problem of reduction of activity of nisin pro 
duced during fermentation. The level of nisin produced 
during fermentation is from about 1.400 to about 1.600 nisin 
equivalent units/gram. In accordance with the present 
invention. the headspace of the container holding the fer 
mented skim milk is ?ushed with an inert gas. such as carbon 
dioxide or nitrogen. The inert gas is introduced into the 
container at a level in excess of that required to completely 
displace all of the air in the headspace. The excess of the 
inert gas is su?icient to reduce the oxygen content in the 
fermented substrate to less than about 4.5% at a level falling 
from about 6 to about 18 inches below the surface of the 
fermented substrate. 

In an important embodiment of the invention. a means for 
producing carbon dioxide is mixed with the pasteurized 
skim milk prior to fermentation. The preferred CO2 produc 
ing means is a chemical such as calcium carbonate. sodium 
carbonate and sodium bicarbonate. The CO2 producing 
chemicals are added to the pasteurized skim milk at a level 
of from about 0.2% to about 1.0%. All percentages are by 
weight unless otherwise indicated. The addition of CO2 
producing chemicals has the result of increasing the nisin 
activity over a period of time. This is apparently due to the 
ability of the CO2 produced in the fermented substrate to aid 
in releasing nisin from the interior of the cells through the 
cell wall. An alternative method for producing C02 in the 
pasteurized skim milk is to include a nisin resistant CO2 
producing microorganism in the skim milk during fermen 
tation. Suitable microorganisms which metabolize citrate to 
CO2. include L. cremoris and S. diacetilactis. 
The following examples further illustrate various features 

of the invention. but are intended to in no way limit the 
scope of the invention as set forth in the appended claims. 

EXAMPLE 1 

Pasteurized skim milk was inoculated with an S. lacn's 
culture at a level of 10.000 cells/ml. The inoculated skim 
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milk was maintained at a temperature of 30° C. for a period 
of 15 hours to ferment the skim milk. The nisin activity at 
the end of the fermentation period was 1.600 nisin equiva 
lent units/gram. Samples of the fermented skim milk were 
dispensed into 150 ml bottles and sealed. One sample was 
used to completely fill the container. A second sample was 
used to ?ll the container half full. A third sample was half 
?lled and was ?ushed with carbon dioxide and sealed before 
agitation. A fourth sample was used to ?ll the container half 
full and was ?ushed with nitrogen to displace the air in the 
headspace. The samples were agitated at 150 rpm overnight 
in a cooler at 45° F. The full container had a nisin activity 
of 1.600 nisin activity units/gram at the end of this period. 
The container which was half-full and contained ambient air 
in the headspace had a nisin activity of 1.100 nisin equiva 
lent units/ gram at the end of this period. This corresponds to 
a 31.1% loss in activity. The container which was half-full 
and had carbon dioxide in the headspace had 1.500 nisin 
equivalent units/gram at the end of the period. This corre 
sponds to a 6.2% loss in activity. The half-full container 
having nitrogen in the headspace also had an activity of 
1.500 nisin equivalent units/gram at the end of the period. 

EXAMPLE 2 

100 ml of pasteurized skim milk was dispensed into 
sterile bottles. Calcium carbonate or sodium carbonate was 
added to the bottles at the concentrations indicated below in 
Table 1. Each bottle was then inoculated with 10.000 cells! 
ml of an S. lactis culture. The sample were then incubated 
overnight at 30°°C. The ?nal solutions were tested for nisin 
activity. pH and titratable acidity after being inverted 20 
times and after 30 minutes of settling. One sample of each 
concentration of calcium carbonate and sodium carbonate 
was divided into 50 ml ?asks. some of which were full and 
some half-full. After overnight shaking in an orbital shaker 
at 40° F.. the nisin activity. pH and titratable acidity were 
again tested. The results are set forth below in Table 1. 

TABLE 1 

After 5% g After 30 min. Ovegght stlg g 

Activity Activity Activity 
Solution pH/I‘A (ulml) pH/TA (u/ml) pH (u/ml) 

Control 4.48/52 1600 4.431173 1700 Full 4.12 1500 
Control 4.49/ .72 1600 4.46! .75 1600 Half 4.24 1400 
.270 CaCO, 4.721.63 161:0 4.791.75 1600 Full 4.44 1700 
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TABLE l-continued 

After Sm‘ g After 30 min. Oveg'ght Shak‘gg 

Activity Activity Activity 
Solution pH/TA (u/ml) pH/TA (u/ml) pH (ulml) 

1% CaCO; 4.75/69 1500 4.85/.73 1600 Half 4.58 1700 
5% CaCO; 4.92/.65 1600 4911.73 1500 Full 4.78 1900 
5% CaCO; 4.91/65 15(1) 495/ .70 1400 Half 4.78 1900 
.7570 CaCO3 4.96/67 16(1) 4971.73 1500 Full 4.85 ZIDO 
.7577 CaCO; 4.95/ .57 1500 4.98/69 1400 Half 4.87 2030 
2% NaQtI'lOEI 4.55/76 1500 4.54/30 1400 Full 4.60 1500 
2% Na2CO3 4.631.77 1500 4.621.78 1500 Half 4.53 1700 

From the results indicated in Table 1. it can be seen that 
the use of a carbon dioxide producing chemical can increase 
the level of nisin activity during fermentation and storage of 
a pasteurized skim milk substrate. 

What is claimed is: 
l. A method for retaining the nisin activity of fermented 

skim milk during storage until said fermented sln'm milk is 
used in preparing a food product. comprising providing a 
pasteurized skim milk substrate. inoculating said substrate 
with an S. lactis culture that produces nisin. fermenting said 
substrate at a temperature of about 30° C. to cause growth 
of said culture and the release of nisin from said culture to 
a level of nisin activity of from about 1400 to about 1600 
nisin equivalent units/gram of skim milk. loading said 
substrate after fermentation into a container and introducing 
an inert gas selected from the group consisting of carbon 
dioxide and nitrogen into the headspace of said container in 
a quantity in excess of the amount required to displace all of 
the ambient air in said headspace. said inert gas being 
su?icient to reduce the oxygen level of said fermented 
substrate to less than about 4.5% at a depth of from about 6 
to about 18 inches below the surface of said fermented 
substrate. 

2. A method in accordance with claim 1 wherein after a 
24-hour holding period said level of nisin activity does not 
decline by more than about 10%. 

3. A method in accordance with claim 1 wherein a 
microorganism selected from the group consisting of L. 
cremoris and S. diacetilactis is mixed with said pasteurized 
skim milk substrate prior to inoculating said substrate with 
said S. lactis culture as a source of carbon dioxide. 


